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Abstract
By extending the SM with two scalar singlets, a vector-like fermion doublet and a fermion singlet, all odd under
a Z2 symmetry, it is possible to explain the correct dark matter relic density and also fulﬁll the main constraints for
neutrino physics. In this work, we only consider the case of fermionic dark matter. We study the parameter space, ﬁrst
of all taking into account the relic density constraint, which gives us a set of parameters that can be used as inputs for
the Casas-Ibarra parametrization in order to get the remaining parameters that also match neutrino physics. We also
analyze possible constraints from lepton ﬂavor violation processes such as μ→ eγ.
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1. Introduction
The evidence of physics beyond the Standard Model
(SM) relies on two pillars: Dark Matter (DM) and neu-
trino masses. As shown in [1], these issues can be ad-
dressed simultaneously. Reference [1], gives a list of
35 viable models, obtained through the implementation
of the Weinberg Operator [2]. In such models, the par-
ticle content is extended by adding to the SM ﬁelds a
small number of scalar and fermionic ﬁelds transform-
ing as singlets, doublets or triplets of SU(2). The neu-
trino masses are generated radiatively via 1-loop dia-
grams according with the 5-dimensional Weinberg op-
erator [2]. The DM candidate could be, in general, a
mixture of the neutral components of the new ﬁelds. A
Z2 symmetry is used in order to stabilize the DM can-
didate and also to prevent some tree-level contributions
that could arise in seesaw type diagrams. Some of the
main features of these models, besides the fact that most
of them have not been studied before, is that they are at
the TeV-scale and, in some cases, they have particles
with exotic charges leading to background-free signals.
In our work, we begin to analyse one these models,
called T13A with α = 0 according to the notation of
[1]. The DM candidate is the lightest neutral particle of
the new fermion ﬁelds. In a special limit, where all the
scalar ﬁelds are decoupled, we can compare our results
with the ones presented in [3] for Model A according
to their notation. An exploration of the parameter space
of the model is shown, imposing constraints both from
DM and neutrino physics.
2. The Model
The new terms in the lagrangian are:
L ⊃
[1
2
(M2S )αβS αS β + λS S
4 + λ
αβ
S HS αS βabH˜
aH˜b
]
− 1
2
MNN¯cN + MDabR˜buR
a
d (1)
+ hiαabRaul
b
i S α + λdabH
aRbdN + λuabH˜
aR˜buN.
We consider an SM extension under the symmetry
group SU(2)L × U(1)Y × Z2. The SM ﬁelds are even
under Z2, while the new ﬁelds are odd.
The new particle content is given in the Table 1,
where S α (α = 1, 2) is a scalar singlet, N is a fermionic
singlet and R0d, R
−
d , R
+
u , R
0
u are Weyl spinors.
We have implemented this model using SARAH
[4], a Mathematica package for building and analyzing
SUSY and non-SUSY models. SARAH writes source
code for Spheno in order to generate the mass spectrum
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S α N Rd =
(
R0d
R−d
)
R˜u =
(
R+u
−R0u
)
SU(2)L 1 1 2 2
U(1)Y 0 0 -1/2 1/2
Z2 -1 -1 -1 -1
Table 1: α-set of scalars and vector-like fermions of the model.
of our model and writes model ﬁles which can also be
used for dark matter studies using MicrOmegas. In this
model, the three neutral fermionic gauge eigenstates N,
R0u, R
0
d are mixed. If we deﬁne Ξ
0 =
(
N R0d −R˜0u
)
=(
N ψ0L ψ
0
R
†) , the neutral part of the lagrangian is:
−LΞ = −hiαR˜0uνLiS α +
1
2
Ξ0 TMχΞ0 + h.c, (2)
where:
Mχ =
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
MN −λdv√
2
λuv√
2
−λdv√
2
0 −MD
λuv√
2
−MD 0
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (3)
After diagonalization, we call the mass eigenstates χ01,
χ02, χ
0
3.
3. Neutrino Masses
The neutrino masses are generated at one loop via
the 5-Dim Weinberg operator. Before the EWSB break-
ing, the diagrams are shown in Fig. 1, in terms of elec-
troweak eigenstates. After the EWSB, the diagrams are
shown in the Fig. 2, in terms of the mass eigenstates.
Figure 1: Contributions to the neutrino masses before the
EWSB.
(χn)α(χn)
α
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Figure 2: Contributions to the neutrino masses after the EWSB
The neutrino mass matrix is given by:
Mνi j =
2,3∑
α,n=1
hiαh jα
16π2
N23nmχn
⎡⎢⎢⎢⎢⎢⎢⎣
m2S α ln
(
m2S α
)
− m2χn ln
(
m2χn
)
m2S α − m2χn
⎤⎥⎥⎥⎥⎥⎥⎦ .
(4)
We can write the neutrino mass matrix in the form re-
quired by the Casas-Ibarra parameterization [5] in order
to get the Yukawa couplings hiα that are compatible with
the proper experimental neutrino parameters (CKM ma-
trix U and neutrino mases: m2,m3) up to 3σ [6]:
Mνi j =
∑
α
hiαΛαh jα =
(
hΛhT
)
i j
, (5)
where:
hi1 =
√
mν2 cos θU
∗
i2 +
√
mν3 sin θU
∗
i3√
Λ1
, (6)
hi2 =
−√mν2 sin θU∗i2 + √mν3 cos θU∗i3√
Λ2
, (7)
Λα =
1
16π2
3∑
n=1
N23nmχn
⎡⎢⎢⎢⎢⎢⎢⎣
m2S α ln
(
m2S α
)
− m2χn ln
(
m2χn
)
m2S α − m2χn
⎤⎥⎥⎥⎥⎥⎥⎦ .
(8)
4. Dark Matter
We explore parameter space of our model by running
both MD and MN from 100 GeV to 2 TeV, where MD
is the mass of the fermion doublet and MN is the mass
of the fermion singlet. We can parametrize the Yukawa
couplings relevant for the relic density as λd = λ cos(θ)
and λu = λ sin(θ), just as it is done in [3]. We present
our results in terms of λ and tan(θ).
In the region of low MD and high MN our DM can-
didate is mainly a doublet, while in the opposite region,
high MD and low MN , our DM candidate is mainly a
singlet. As we can see from Fig. 3, in order to have
the proper relic density ΩDMh2 = (0.1196 ± 0.0031) as
reported by Planck +WMAP [7], we need to have mix-
tures of both singlet and doublet fermion ﬁelds.
At ﬁrst, we leave the scalar ﬁelds completely decou-
pled from the rest of the particles. The cyan line, which
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Figure 3: Dark Matter: Direct Detection Spin Independent excluded
regions
represents the appropiate reclic density, has an asymp-
totic behavior: as MN goes to higher values, MD be-
comes stable. To the left of such line, the relic density
is smaller, while to the right it is larger.
We also take into account the constraints from Di-
rect Detection experiments [8]. As shown in Fig. 3, we
have almost no exlusion region from Xenon100 [10] and
LUX [9], but we have a prospect for the exlusion com-
ming from Xenon1T [11] and LZ [8], being the latest
much more restrictive. It is important to notice that this
is not a general result: for other combinations of val-
ues of y and tan(θ), we do obtain important constraints
from Xenon100 and/or LUX. We have taken λ = 0.3
and tan(θ) = 2 just as an example.
Another important remark of our analysis is that all
points in the parameter space shown in Fig. 3 match
the neutrino physics constraints, due to the Casas-Ibarra
parametrization.
5. Lepton Flavor Violation
In the model we have two diagramas that contibute to
the branching μ → eγ. The analytical computation of
such diagrams gives:
Br(μ→ eγ) = 3
4
αem
16πG2F
∣∣∣∣∣
∑
α=1,2
F(M2D/m
2
S α
)h1αh∗2α
m2S α
∣∣∣∣∣
2
,
(9)
where:
F(x) =
x3 − 6x2 + 3x + 2 + 6x ln x
6(x − 1)4 . (10)
We compute the branching, both analytically and us-
ing the Flavor kit output of Spheno. The constraints
from neutrino physics obtained from the Casas-Ibarra
parametrization are displayed in the Fig. 4 in terms of
Br(μ → eγ) and λ =
√
λ2d + λ
2
u, after varying all the
parameters by several orders of magnitude.
Figure 4: Br(μ → eγ) as function of λ for a wide region of the
parameter space satisfying the neutrino experimental data at
3σ [6] .
The large values of λ required to have a well tempered
dark matter automatially satisfy Br(μ→ eγ).
6. Conclusions
So far we have implemented a successful model with
a fermionic DM candidate that can account for the relic
density, for the neutrino physics observables and also
matches the constraint for μ → eγ. Currently, we are
working on a deeper analysis, taking into account addi-
tional constraints such as Direct Detection Spin Depen-
dent and other LFV processes.
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